In this paper, we extend the Bonferroni mean (BM) operator, generalized Bonferroni mean (GBM) operator, dual generalized Bonferroni mean (DGBM) operator and dual generalized geometric Bonferroni mean (DGGBM) operator with 2-tuple linguistic neutrosophic numbers (2TLNNs) to propose 2-tuple linguistic neutrosophic numbers weighted Bonferroni mean (2TLNNWBM) operator, 2-tuple linguistic neutrosophic numbers weighted geometric Bonferroni mean (2TLNNWGBM) operator, generalized 2-tuple linguistic neutrosophic numbers weighted Bonferroni mean (G2TLNNWBM) operator, generalized 2-tuple linguistic neutrosophic numbers weighted geometric Bonferroni mean (G2TLNNWGBM) operator, dual generalized 2-tuple linguistic neutrosophic numbers weighted Bonferroni mean (DG2TLNNWBM) operator, and dual generalized 2-tuple linguistic neutrosophic numbers weighted geometric Bonferroni mean (DG2TLNNWGBM) operator. Then, the MADM methods are proposed with these operators. In the end, we utilize an applicable example for green supplier selection in green supply chain management to prove the proposed methods.
Introduction
Zadeh [1] introduced a membership function between 0 and 1 instead of traditional crisp value of 0 and 1, and defined the fuzzy set (FS). In order to overcome the insufficiency of FS, Atanassov [2] proposed the concept of an intuitionistic fuzzy set (IFS), which is characterized by its membership function and non-membership function between 0 and 1. Furthermore, Atanassov and Gargov [3] introduced the concept of an interval-valued intuitionistic fuzzy set (IVIFS), which is characterized by its interval membership function and interval non-membership function in the unit interval [0, 1] . Because IFSs and IVIFSs cannot depict indeterminate and inconsistent information, Smarandache [4] introduced a neutrosophic set (NS) from a philosophical point of view to express indeterminate and inconsistent information. A NS has more potential power than other modeling mathematical tools, such as fuzzy set [1] , IFS [2] , and IVIFS [3] . But, it is difficult to apply NSs in solving of real life problems. Therefore, Smarandache [4] and Wang et al. [5, 6] defined a single valued neutrosophic set (SVNS) and an interval neutrosophic set (INS), which are characterized by a truth-membership, an indeterminacy membership, and a falsity membership. Ye [7] introduced a simplified neutrosophic set (SNS), including the concepts of SVNS and INS, which are the extension of IFS and IVIFS. Obviously, improved generalized weighted geometric Heronian mean (IGWGHM) operator, the single valued neutrosophic number improved generalized weighted Heronian mean (NNIGWHM) operator, and single valued the neutrosophic number improved generalized weighted geometric Heronian mean (NNIGWGHM) operator for multiple attribute group decision making (MAGDM) problems, in which attribute values take the form of SVNNs. Wang et al. [24] combined the generalized weighted BM (GWBM) operator and generalized weighted geometric Bonferroni mean (GWGBM) operator with single valued neutrosophic numbers (SVNNs) to propose the generalized single-valued neutrosophic number weight BM (GSVNNWBM) operator and the generalized single-valued neutrosophic numbers weighted GBM (GSVNNWGBM) operator and developed the MADM methods based on these operators. Wei & Zhang [25] utilized power aggregation operators and the Bonferroni mean to develop some single-valued neutrosophic Bonferroni power aggregation operators and single-valued neutrosophic geometric Bonferroni power aggregation operators. Peng & Dai [26] initiated a new axiomatic definition of single-valued neutrosophic distance measure and similarity measure, which is expressed by a single-valued neutrosophic number that will reduce the information loss and retain more original information.
Although SVNS theory has been successfully applied in some areas, the SVNS is also characterized by the truth-membership degree, indeterminacy-membership degree, and falsity-membership degree information. However, all of the above approaches are unsuitable to describe the truth-membership degree, indeterminacy-membership degree, and falsity-membership degree information of an element to a set by linguistic variables on the basis of the given linguistic term sets, which can reflect the decision maker's confidence level when they are making an evaluation. In order to overcome this limit, we shall propose the concept of 2-tuple linguistic neutrosophic numbers set (2TLNNSs) to solve this problem based on the SVNS [4] [5] [6] and the 2-tuple linguistic information processing model [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] . Thus, how to aggregate these 2-tuple linguistic neutrosophic numbers is an interesting topic. To solve this issue, in this paper, we shall develop some 2-tuple linguistic neutrosophic information aggregation operators that are based on the traditional Bonferroni mean (BM) operations [43] [44] [45] [46] [47] [48] [49] [50] . In order to do so, the remainder of this paper is set out as follows. In the next section, we shall propose the concept of 2TLNNSs. In Section 3, we shall propose some Bonferroni mean (BM) operators with 2TLNNs. In Section 4, we shall propose some generalized Bonferroni mean (GBM) operators with 2TLNNs. In Section 5, we shall propose some dual generalized Bonferroni mean (DGBM) operators with 2TLNNs. In Section 6, we shall present a numerical example for green supplier selection in order to illustrate the method that is proposed in this paper. Section 7 concludes the paper with some remarks.
Preliminaries
In this section, we shall propose the concept of 2-tuple linguistic neutrosophic number sets (2TLNNSs) to solve this problem based on the SVNSs [6, 7] and 2-tuple linguistic sets (2TLSs) [27, 28] .
2-Tuple Fuzzy Linguistic Representation Model
Definition 1 ([27,28] ). Let S = {s i |i = 0, 1, . . . , t } be a linguistic term set with odd cardinality. Any label, s i represents a possible value for a linguistic variable, and S can be defined as: S = s 0 = extremely poor, s 1 = very poor, s 2 = poor, s 3 = medium, s 4 = good, s 5 = very good, s 6 = extremely good.
Herrera and Martinez [27, 28] developed the 2-tuple fuzzy linguistic representation model based on the concept of symbolic translation. It is used for representing the linguistic assessment information by means of a 2-tuple (s i , ρ i ), where s i is a linguistic label for predefined linguistic term set S and ρ i is the value of symbolic translation, and ρ i ∈ [−0.5, 0.5).
SVNSs
Let X be a space of points (objects) with a generic element in fix set X, denoted by x. A single-valued neutrosophic sets (SVNSs) A in X is characterized as following [4] [5] [6] : A = {(x, T A (x), I A (x), F A (x))|x ∈ X } (1) where the truth-membership function T A (x) 
2TLNNSs

Definition 2.
Assume that L = {l 0 , l 1 , . . . , l t } is a 2TLSs with odd cardinality t + 1. If l = (s T , a), (s I , b), (s F , c) is defined for (s T , a), (s I , b), (s F , c) ∈ L and a, b, c ∈ [0, t], where (s T , a), (s I , b) and (s F , c) express independently the truth degree, indeterminacy degree, and falsity degree by 2TLSs, then 2TLNNSs is defined as follows:
where 0 ≤ ∆ −1 s T j , a j ≤ t, 0 ≤ ∆ −1 s I j , b j ≤ t, 0 ≤ ∆ −1 s F j , c j ≤ t, and 0 ≤ ∆ −1 s T j , a j + ∆ −1 s I j , b j + ∆ −1 s F j , c j ≤ 3t.
Definition 3. Let l
Then the score and accuracy functions of l 1 are defined as follows:
BM Operators
Definition 6 ([44]
). Let p, q > 0 and b i (i = 1, 2, · · · , n) be a collection of nonnegative crisp numbers then the Bonferroni mean (BM) is defined as follows:
Then BM p,q is called Bonferroni mean (BM) operator.
2TLNNWBM and 2TLNNWGBM Operators
2TLNNWBM Operator
To consider the attribute weights, the weighted Bonferroni mean (WBM) is defined, as follows.
Definition 7 ([44]
). Let p, q > 0 and b i (i = 1, 2, · · · , n) be a collection of nonnegative crisp numbers with the weights vector being ω = (
Bonferroni mean (WBM) is defined as follows:
Then we extend WBM to fuse the 2TLNNs and propose 2-tuple linguistic neutrosophic number weighted Bonferroni mean (2TLNNWBM) aggregation operator.
Definition 8.
Let l i = s T i , a i , s I i , b i , s F i , c i be a set of 2TLNNs. The 2-tuple linguistic neutrosophic number weighted Bonferroni mean (2TLNNWBM) operator is:
, c i be a set of 2TLNNs. The aggregated value by using 2TLNNWBM operators is also a 2TLNN where
Proof. According to Definition 5, we can obtain
Thus,
Thereafter,
Furthermore,
Therefore,
Hence, (8) is kept.
Then, we need to prove that (8) is a 2TLNN. We need to prove two conditions, as follows:
Then,
That means 0 ≤ ∆ −1 (s T , a) ≤ t, so 1 is maintained, similarly, we can get 0 
Then, we will discuss some properties of 2TLNNWBM operator.
. . , n) and
, a y i , we can obtain
So, Property 2 is right.
2TLNNWGBM Operator
Similarly to WBM, to consider the attribute weights, the weighted geometric Bonferroni mean (WGBM) is defined, as follows: 
Then we extend WGBM to fuse the 2TLNNs and propose 2-tuple linguistic neutrosophic number weighted geometric Bonferroni mean (2TLNNWGBM) operator.
. . , n) be a set of 2TLNNs with their weight vector be w i = (w 1 , w 2 , . . . , w n ) T , thereby satisfying
Then we called 2TLNNWGBM p,q ω the 2-tuple linguistic neutrosophic number weighted geometric BM.
. . , n) be a set of 2TLNNs. The aggregated value by using 2TLNNWGBM operators is also a 2TLNN where
Proof. From Definition 5, we can obtain,
Hence, (27) is kept.
Then, we need to prove that (27) is a 2TLNN. We need to prove two conditions, as follows: (27) , we have
0.4×0.6
Similar to 2TLNNWBM, the 2TLNNWGBM has the same properties, as follows. The proof are omitted here to save space.
Property 4. (Idempotency) If
G2TLNNWBM and G2TLNNWGBM Operators
G2TLNNWBM Operator
The primary advantage of BM is that it can determine the interrelationship between arguments. However, the traditional BM can only consider the correlations of any two aggregated arguments. Thereafter, Beliakov et al. [43] extended the BM and introduced the generalized BM(GBM) operator. Zhu et al. [51] introduced the generalized weighted BM(GWBM) operator, as follows. 
weighted Bonferroni mean (GWBM) is defined as follows:
Then we extend GWBM to fuse the 2TLNNs and propose generalized 2-tuple linguistic neutrosophic number weighted Bonferroni mean (G2TLNNWBM) aggregation operator.
, c i be a set of 2TLNNs. The generalized 2-tuple linguistic neutrosophic number weighted Bonferroni mean (G2TLNNWBM) operator is:
, c i be a set of 2TLNNs. The aggregated value by using G2TLNNWBM operators is also a 2TLNN where
Hence, (42) is kept.
Then, we need to prove that (42) is a 2TLNN. We need to prove two conditions as follows:
That means 0 ≤ ∆ −1 (s T , a) ≤ t, so 1 is maintained, similarly, we can get 0
Then we will discuss some properties of G2TLNNWBM operator.
G2TLNNWGBM Operator
Similarly to GWBM, to consider the attribute weights, the generalized weighted geometric Bonferroni mean (GWGBM) is defined, as follows.
Definition 13 ([51]
). Let p, q, r > 0 and b i (i = 1, 2, · · · , n) be a collection of nonnegative crisp numbers with the weights vector being ω = (ω 1 , ω 2 
Then we extend GWGBM to fuse the 2TLNNs and propose generalized 2-tuple linguistic neutrosophic number weighted geometric Bonferroni mean (G2TLNNWGBM) aggregation operator. 1, 2, . . . , n) be a set of 2TLNNs with their weight vector be w i = (w 1 , w 2 , . . . , w n ) T , thereby satisfying w i ∈ [0, 1] and ∑
Definition 14. Let l
Then we called G2TLNNWGBM p,q,r ω the generalized 2-tuple linguistic neutrosophic number weighted geometric BM. 1, 2, . . . , n) be a set of 2TLNNs. The aggregated value by using G2TLNNWGBM operators is also a 2TLNN where
Theorem 4. Let l
Hence, (62) is kept.
Then, we need to prove that (62) is a 2TLNN. We need to prove two conditions, as follows:
Similar to G2TLNNWBM, the G2TLNNWGBM has the same properties as follows. The proof are omitted here to save space.
Property 10. (Idempotency) If
DG2TLNNWBM and DG2TLNNWGBM Operators
DG2TLNNWBM Operator
However, the GBM still has some drawbacks, GBWM and GWGBM can only consider the interrelationship between any three aggregated arguments. So, Zhang et al. [52] introduced a new generalization of the traditional BM because the correlations are ubiquitous among all of the arguments. The new generalization of the traditional BM is called the dual GWBM (DGBM). The DGWBM is defined, as follows. where R = (r 1 , r 2 , . . . , r n ) T is the parameter vector with r i ≥ 0 (i = 1, 2, . . . , n).
Then we extend DGWBM to fuse the 2TLNNs and propose dual generalized 2-tuple linguistic neutrosophic number weighted Bonferroni mean (DG2TLNNWBM) operator. 
Hence, (78) is kept.
Then, we need to prove that (78) is a 2TLNN. We need to prove two conditions as follows:
Then, we will discuss some properties of the DG2TLNNWBM operator.
Property 13.
(Monotonicity) Let
So Property 13 is right.
From Theorem 5, we can obtain
DG2TLNNWGBM Operator
Similarly to DGWBM, to consider the attribute weights, the dual generalized weighted geometric Bonferroni mean (DGWGBM) is defined, as follows. ([52] ). Let and b i (i = 1, 2, · · · , n) be a collection of nonnegative crisp numbers with the weights
Definition 17
where R = (r 1 , r 2 , . . . , r n )
T is the parameter vector with r i ≥ 0 (i = 1, 2, . . . , n).
Then we extend DGWGBM to fuse the 2TLNNs and propose dual generalized 2-tuple linguistic neutrosophic number weighted geometric Bonferroni mean (DG2TLNNWGBM) aggregation operator. 1, 2, . . . , n) be a set of 2TLNNs. The aggregated value by using DG2TLNNWGBM operators is also a 2TLNN where
Hence, (96) is kept.
Then, we need to prove that (96) is a 2TLNN. We need to prove two conditions, as follows:
Similar to DG2TLNNWBM, the DG2TLNNWGBM has the same properties, as follows. The proof are omitted here to save space.
Property 15.
Numerical Example and Comparative Analysis
Numerical Example
Given the rise in environmental and resource conservation importance, green supply chain management has seen growth within industry. In addition, balancing economic development and environmental development is one of the critical issues faced by managers to help organizations maintain a strategically competitive position. Green supplier management as one of important part of green supply chain is also critical issue for effective green supply chain management. Thus, in this section, we shall present a numerical example to select green suppliers in green supply chain management with 2TLNNs in order to illustrate the method that is proposed in this paper. There is a panel with five possible green suppliers in green supply chain management A i (i = 1, 2, 3, 4, 5) to select. The experts selects four attribute to evaluate the five possible green suppliers: 1 G 1 is the product quality factor; 2 G 2 is the environmental factors; 3 G 3 is the delivery factor; and, 4 
Step 1. According to 2TLNNs r ij (i = 1, 2, 3, 4, 5, j = 1, 2, 3, 4), we can aggregate all of the 2TLNNs r ij by using the 2TLNNWAA (2TLNNWGA) operator to get the overall 2TLNNs A i (i = 1, 2, 3, 4, 5) of the green suppliers A i . Then the aggregating results are shown in Table 4 . Step 2. According to Table 4 , we can aggregate all of the 2TLNNs r ij by using the DG2TLNNWBM (DG2TLNNWGBM) operator to get the overall 2TLNNs A i (i = 1, 2, 3, 4, 5) of the green suppliers A i . Suppose that P = (1, 1, 1, 1) , then the aggregating results are shown in Table 5 . Table 5 .
The aggregating results of the green suppliers by the DG2TLNNWBM (DG2TLNNWGBM) operator.
DG2TLNNWBM DG2TLNNWGBM
A Step 3. According to the aggregating results shown in Table 5 and the score functions of the green suppliers are shown in Table 6 . Step 4. According to the score functions shown in Table 6 and the comparison formula of score functions, the ordering of the green suppliers is shown in Table 7 . Note that ">" means "preferred to". As we can see, depending on the aggregation operators that were used, the best green supplier is A 1 . 
Influence of the Parameter on the Final Result
In order to show the effects on the ranking results by changing parameters of P in the DG2TLNNWBM (DG2TLNNWGBM) operators, all of the results are shown in Tables 8 and 9 . 
Comparative Analysis
Then, we compare our proposed method with other existing methods, including the LNNWAA operator and the LNNWGA operator proposed by Fang & Ye [53] and cosine measures of linguistic neutrosophic numbers [54] . The comparative results are shown in Table 10 . From above, we can that we get the same results to show the practicality and effectiveness of the proposed approaches. However, the existing aggregation operators, such as the LNNWAA operator and the LNNWGA operator, do not consider the information about the relationship between the arguments being aggregated, and thus cannot eliminate the influence of unfair arguments on the decision result. Our proposed DG2TLNNWBM and DG2TLNNWGBM operators consider the information about the relationship among arguments being aggregated.
Conclusions
In this paper, we investigate the MADM problems with 2TLNNs. Then, we utilize the Bonferroni mean (BM) operator, generalized Bonferroni mean (GBM) operator, and dual generalized Bonferroni mean (DGBM) operator to develop some Bonferroni mean aggregation operators with 2TLNNs: 2-tuple linguistic neutrosophic number weighted Bonferroni mean (2TLNNWBM) operator, 2-tuple linguistic neutrosophic number weighted geometric Bonferroni mean (2TLNNWGBM) operator, generalized 2-tuple linguistic neutrosophic number weighted Bonferroni mean (G2TLNNWBM) operator, generalized 2-tuple linguistic neutrosophic number weighted geometric Bonferroni mean (G2TLNNWGBM) operator, dual generalized 2-tuple linguistic neutrosophic number weighted Bonferroni mean (DG2TLNNWBM) operator, and dual generalized 2-tuple linguistic neutrosophic number weighted geometric Bonferroni mean (DG2TLNNWGBM) operator. The prominent characteristic of these proposed operators are studied. Then, we have utilized these operators to develop some approaches to solve the MADM problems with 2TLNNs. Finally, a practical example for green supplier selection in green supply chain management is given to verify the developed approach and to demonstrate its practicality and effectiveness. In the future, the application of the proposed aggregating operators of 2TLNNs needs to be explored in the decision making, risk analysis, and many other fields under uncertain environments .
